Tomato fruit is a perishable farm produce with high moisture content. Despite its valuable qualities, the fruits are subjected to wastage and spoilage during its seasonal period. The study was therefore conducted to investigate some physical properties of local variety of tomatoes that are relevant in the handling and processing of the fruits. The physical characteristics considered were axial dimensions, weight, volume, density, surface area and sphericity. The mean dimensions of the fresh fruits specifically were longitudinal diameter (5.06 cm); transverse diameter (4.48 cm) and thickness (2.92 cm). The weight, volume, surface area and sphericity were 50.44 g, 4.6 cm 3 , 23.31 cm 2 and 80.05 % respectively. The true and bulk densities were 10.96 g/cm 3 and 0.71 g/cm 3 respectively. The thin layer drying characteristics of whole tomato fruits were also investigated at temperatures 40, 50, 60, 70 and 80 o C. Fruit samples were also sun dried. The quality of oven and sun dried products were analyzed for nutritional contents (protein, crude fibre, ascorbic acid and carotene) and antioxidant (lycopene). The statistical analysis of the nutritional constituent was also carried out. Drying time decreased from 30 to 24 hrs as drying temperature increased from 40 to 80 o C. The nutritional values of oven dried products such as protein (1.51%), ascorbic acid (17.06 mg/100), crude fibre (2.25 %), carotene (0.46 mg/100), phenol (14.18 mg/100) and lycopene (12.95 mg/100) while the values of sun dried products were 0.52 %, 11.75 mg/100, 0.93 %, 0.14 mg/100, 6.91 mg/100 and 5.91 mg/100 respectively. The statistical analysis shows that the result were statistically significant (P<0.05).
INTRODUCTION
Tomato (Lycopersicon lycopersicum) is the second most important vegetable in many regions of the world. Tomato production in Nigeria has being more than doubled in the last 10 years and the production in 2001 alone was 879,000 metric tones (FAO, 2002) which are largely consumed in the fresh state. Large quantities are processed into soups, juices, sauces, puree, paste and canned products. Transportation of tomatoes over long distance, hauls in lorries or trucks or in basket subject the tomatoes to vibration and bruising, hence cause loss of nutrient due to enzymatic actions. Physical properties of tomatoes are relevant in the design of handling, picking and processing activities (Odekunle and Ajayi, 2006) . Properties like weight and volume are important in the dehydration characteristics of local variety of tomatoes; this lowers the cost of packaging, storing and transportation of the products.
Daily intake of tomatoes provides the body some nutrients such as carotene, vitamin, lycopene which lower the risk of cancer and cardiovascular diseases as recommended by the American Cancer Society (Block et al., 1992) . The moisture content of the fruits is 96%. Tomatoes also have antioxidant components that are medically useful in the area of cataracts, bone metabolism and asthma. About 90 % of the developing nations like Nigeria food supply is wasted owing to deterioration each year. The fruits are seasonal, thus preservation is important to minimize wastage and spoilage during the tomato producing season and to ensure that maximum nutritional contents of the fruits are retained. The success of such effort would lead to the development of a suitable and usable technology profile that would ensure the optimization of the production of good quality dried tomato fruits at small and medium scale levels. Kerchofs (2003) reported that maximum nutrients and flavours are retained in tomatoes at 42 o C. The objective of this study was to experimentally evaluate the nutritional contents of local variety of tomato fruits at drying temperatures of 40, 50, 60, 70 and 80 o C. This is useful in determining the best temperature that is suitable to get good quality of the products.
RESEARCH METHODOLOGY:
Fresh, mature and ripe tomato fruits used were purchased from a local market in Ile-Ife, Nigeria. The fruits were of the local (Yoruba tiwantiwa) variety. The fresh tomatoes were sorted, peeled and washed and drained. Fruits were selected at random and fruit size was measured in terms of three dimensions that is, longitudinal diameter (a), transverse diameter (b) and thickness (c) using a vernier caliper (Kanon instrument, Japan) with 0.01mm precision. The sphericity index and surface area of the fruits were calculated from dimensional results obtained.
The weight of tomato fruits was determined by using a Mettler Toledo PB 153 electronic balance to an accuracy of 0.01g. The corresponding volume for each sample was determined by water displacement method. The bulk density was calculated from data obtained from weight and volume measurement.
The experiment was replicated ten times. The whole fresh tomato fruits were put in the drying tray and dried in an oven operated at temperatures of 40, 50, 60, 70 and 80 o C. The initial moisture content of the fruit was 96 % (wet basis). Reduction in weight and moisture content were monitored at 1 hour intervals until the equilibrium moisture content was achieved. Drying experiment was carried out in triplicate. Fruit samples were also sun dried and the quality of oven and sun dried products were analyzed for nutritional contents (protein, crude fibre, ascorbic acid, carotene, phenol and lycopene). The experimental data were statistically analyzed using ANOVA and DMRT (Duncan Multiple Range Test)
RESULTS AND DISCUSSION
The results obtained from the physical characteristics and drying tests of local variety of tomatoes were analyzed and discussed. Table 1 .0 shows the average values of some of the physical properties of the tomato fruits used for the study. The different mass and volume measurements obtained from the fruit Standard deviation values are given in brackets.
Physical dimension:
indicated that there was high variability in tomato sizes. The variation in sizes could be used to determine the bulk density of the fruit size. A mean value of 0.71g/cm 3 was obtained which indicated that the volume reduction was greater than the reduction in the mass of the fruit. The value of standard deviation (0.09) is low; this shows that delay in processing the fruits after harvesting may affect the physical conditions. Drying tests: The drying curves (Fig.1) show the variation in moisture contents with drying time at different temperature. At 40 o C, the drying period was longer (30 hours) while at 50, 60, 70 and 80 o C the samples dried for 28, 26, 24 and 22 hours respectively. The drying time was faster when the temperature was higher. There is an inverse relationship between air temperature and drying time; an increase in air temperature resulted in a decrease in drying time. This is in agreement with the findings of Ajibola (1989) .
Fig 1: Drying Curves of Tomatoes of Whole Tomato Fruits
The time to reach 20% moisture content (dry basis) from the initial moisture content at the various drying air temperature of the whole tomato fruits was found to be between 20 and 30 hours. This result indicated that the moisture content decreased as the drying time increased due to variation in the drying temperature until the fruits reached equilibrium moisture content. This is in conformity with the study of Ajibola (1986) . It is apparent that drying rate decreases continuously as drying time progresses because at the higher air temperature in the oven, the rate of moisture loss in the product increases.
The drying rate curves for whole tomatoes at five different temperatures 40, 50, 60, 70 and 80 o C are shown in Figures 2, and 6. There is no constant rate drying period in these curves and all the drying operations show falling rate periods. This indicated that drying rate decreases as moisture content decreases. This is in agreement with the findings of Akanbi et al. (2006) .
Nutritional constituents of dried tomato fruits:
The nutritional quality of dried whole tomato fruits was investigated for protein, crude fibre, vitamin C, phenol, carotene and lycopene contents. Table 2 shows the nutritional constituent of fresh and dried whole tomatoes at different drying temperatures (40, 50, 60, 70 These results indicate that the nutritional quality of tomatoes decreased as drying temperature increased. This result is in agreement with the findings of Kerchofs (2003) on the effect of semidrying of antioxidant components of tomatoes to residual dry matter contents. It stated that maximum nutrients and flavours are retained in tomatoes at 42 o C. Nutrients retention occurred at low temperature treatments, but not at higher temperature. Whole tomatoes that were sun dried had lower constituents than oven dried fruits as shown in Table 2 . The result of the experiment on the effect of drying temperature of tomato fruit was statistically significant (P<0.05) using Duncan Multiple Range Test and ANOVA tables. This implied that the nutritional quality of oven dried products were better than sun dried ones. Table 3 shows the effects of temperature variations on protein, carotene, vitamin C, crude fibre, lycopene and phenol contents of the dried fruits. The result indicates that the mean value obtained at each temperature is significantly different. There is noticeable loss of these contents with increase in drying temperature because heat treatment involved in the processing can disrupt the cellular matrix of the products. The mean values of these constituents obtained at 40, 50 and 60 o C are higher than at the higher drying temperatures (70 and 80 o C).
The statistical analysis of the result shows that the effect of temperature on the constituent of tomato was statistically significant at (P<0.05) (Table 2) .
Tomato fruits are rich source of these constituents and with heat treatment the mean values are still high. Stewart et al. (2000) had shown that tomato antioxidants were able to withstand industrial processing methods. However, in the present study, significant maximum values were obtained at temperature 40 o C after drying and this is probably related to the use of low temperature and relatively high moisture content in final product. This result is also in an agreement with the findings of Andritsos (2003) , on the use of geothermal energy for tomato drying. The ideal condition for drying tomatoes was obtained to be at low temperature (45 o C).
Conclusions:
This study shows that the tomato fruits varied in size but the shape seems spherical. The measurement of weight, volume, density, sphericity index and surface area of the fruits are therefore highly desirable in order to determine transportation and storage capacity. In the study of drying of tomato fruits over temperature range of 40 to 80 o C, the falling drying rates of the tomatoes were observed. Increase in temperature led to increase in drying rates and vice versa. Drying at different temperatures significantly affected the nutritional quality of tomatoes. However, oven dried fruits were nutritionally better than sun dried products. Drying (at 40 o C) close to ambient temperature gave favorable results for the quality characteristics studied.
